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Executive summary 
The government of the People's Republic of China through a 2007 agreement with the 
Government of the Republic of Uganda, has establishment of an Agricultural 
Technology Demonstration Center (ATDC). The first phase covering the building of 
aquaculture infrastructure at Kajjansi ARDC is complete and the second 'operation 
phase' has started in which facilities for cage culture have been set up in the Napoleon 
gulf, northern Lake Victoria near Jinja. The cage facility is aimed at boosting fish farming 
within the lake as a diversification to the traditional pond fish culture technology. 
NaFIRRI scientists as well as Chinese experts undertook a baseline survey in the 
chosen cage site on 12 March 2012. 
The survey covered determination of water depth, water transparency, measurement of 
selected physical-chemical parameters (temperature, dissolved oxygen, conductivity 
and pH; determination of the nutrient status and study of algae, invertebrate and fish 
communities at the site. Materials and methodologies used in the survey were based on 
the Standard Operating Procedures (SOPs) of NaFIRRI. 
The study area was divided into three study sites. Site 1 (upstream) was at 8.9 metre 
depth while site 2 (proposed cage site) and site 3 (downstream) were 6 and 4.3 
metres deep respectively. Water transparency was lowest at site 1 (1.58 m) and highest 
at site 3 (1.64 m). Dissolved oxygen at the three sites ranged from 6.0 to 8 mg/I. Water 
temperature profiles fluctuated within narrow limits between 26.5 and 27.5 DC. 
Measurements of pH were between 7 (neutral) and 8 (alkaline) while electrical 
conductivity was between 98 and 101 uS/em. These observed physical-chemical 
parameters at the study site were considered suitable for cage fish rearing purposes. 
Nitrite-nitrogen levels varied within narrow limits from 0.043 to 0.0453 mgtl. Similarly, 
Ammonia-nitrogen varied between 0.015 and 0.0185 mg/1. Soluble reactive phosphorus 
(SRP) level was highest at site 3 (O.012mgll) compared to that at sites 1 and 2 
(0.009mgll). Total suspended solids (TSS) were higher at site 1 (83.3mgll), thereafter 
decreasing to lower levels at sites 2 (24.8mgtl) and 3 (19.8mgl) respectively. 
The nutrient level results observed here all fall below the maximum permissible limits by 
NEMA and therefore the site is recommended for cage culture 
The algal community was constituted by four major groups: Blue greens, Greens, 
Cryptophytes, and Diatoms with blue greens as the common and dominant group. High 
algal biomass (19944961 ugtL) of the dominant blue green algae was observed at site 1 
compared site 2 and 3 (58655.2 & 27487. 7 ugtL) respectively. Occurrence of toxicin­
producing algae: Microsytis and Cylindrosperrnopsis in the proposed cage area was 
considered to be of not much significance as their concentrations were below harmful 
levels. However, monitoring their presence, biomass and seasonality will be critical in 
order to follow when and where they occur and at what time of the year for ease of 
management of the cages. 
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The zooplankton community was constituted by copepods, cladocerans and rotifers. 
The numerical dominance of copepods and the lower abundance of rotifers suggests 
relatively good water quality environment for the proposed fish cage culture in the area. 
Observations on macro-benthos including relatively high densities and diversity suggest 
favorable environmental conditions, which can support the proposed fish cage culture, 
although some pollutant-sensitive taxa such as Ephemeroptera and Trichoptera were 
poorly developed in the area. 
Fourteen (14) species of fish were encountered at the three study sites with 
Haplochromines contributing 88.7% by numbers and 56.7% by weight of all the fishes 
caught. Highest fish diversity (13 species) was observed inshore at site 1 while the 
proposed cage site (2) yielded low numbers of fish species. Although there have been 
radical changes in fish composition and catches at the site, these changes do not 
appear to stem much from environmental conditions but more from fishing practices. 
Thus the area is considered suitable for the proposed cage culture. 
Independent field measurements and records by the Chinese counterparts provides 
useful complementary information to this baseline study and will together with the 
NaFIRRI data constitute a benchmark for future monitoring surveys in the cage area. 
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1.0 General background 
The government of Uganda and that of the People's Republic of China signed an 
Economic and Cooperation Agreement in 2007 through which the Chinese government 
agreed to fund the establishment of an Agricultural Technology Demonstration Center 
(ATDC at Kajjansi in Uganda, within NARO's National Fisheries Resources Research 
Institute (NaFIRRI) dealing with aquaculture (fish farming). The agreement entailed the 
Chinese counterparts to construct (Build) several facilities including fish ponds, hatchery 
etc in the first phase followed by a period of 'Operation' for two years after which the 
project would be handed over (Transfer) to the Uganda Government; a process 
abbreviated as BOT. 
The first phase of Building has so far been completed and the implementation is now 
well into the second phase of Operation. One of the activities of this phase is 
construction and operationalize fish cages at a site in Lake Victoria. Primarily this is a 
phase of technology transfer from the Chinese experts to their Uganda counterparts 
aimed passing on vital skills to boost fish farming within the lake in addition to the 
traditional pond fish culture technology. This step necessitated the undertaking of a 
baseline survey by a Ugandan research team prior to the installation of experimental 
cages; an activity that was carried out on the 12 March 2012 at a mutually agreed site 
within the Napoleon Gulf, northern Lake Victoria. 
The survey included measurement of the water depth, water transparency (secchi depth 
determinations), selected physical-chemical parameters (temperature, dissolved 
oxygen, conductivity and pH, determination of the nutrient status, study of algae and 
algal biomass, aquatic invertebrates (zooplankton and macro-benthic) and fish 
communities. Field methodologies used in the survey and data analysis were largely 
based on NaFIRRl's Standard Operating Procedures of 2006-2008. The survey area 
covered three sites: Site 1 located opposite Kirinya Prison; site 2 between Gamba Fish 
Processing Plant and the Jinja PierlWagon Ferry Terminal and Site 3 located opposite 
Hotel Triangle. 
2.0 Objectives of the study 
1.	 To measure selected physical and chemical parameters (water column depth, water 
transparency, temperature, dissolved oxygen, pH, conductivity) at the proposed 
cage site 
2.	 To determine the nutrient status 
3.	 To determine composition and biomass of algae 
4.	 To determine zooplankton composition and abundance 
5.	 To determine macro-benthos composition and abundance 
6.	 To determine the composition and abundance of fish species 
7.	 To assess the biology and general characteristics of the wild fishes within and 
around the proposed cage site. 
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3. 0 Materials and methods 
3.1 GPS positions
 
Geographical location of sites within the proposed cage area was determined using a
 
GPS device.
 
3.2 Water depth
 
Water depth (m) profiles were determined in-situ with an electronic Echo sounder.
 
3.3 Water transparency
 
A black and white secchi disc was used to determine secchi depths (m) as a measure of
 
water transparency.
 
3.4 Physical-chemical parameters
 
Water column temperature, dissolved oxygen, pH and conductivity) were measured in­

situ with aCTO.
 
3.5 Nutrients levels
 
Water samples for nutrient analysis were picked in replicates by use of a Van Dorn
 
water sampler. Sub-samples for dissolved nutrients; soluble reactive phosphorus (SRP),
 
ammonia-nitrogen (NH3.N) and nitrite-nitrogen (N02.N) were filtered through 47mm pore
 
Whatman GF/C filter papers and analyzed by spectrophotometric methods (Stantoin et.
 
a/1977). Water samples were also analyzed for total suspended solids (TSS).
 
3.6 Algal community
 
Water samples for the determination of algal status were collected with a Van dorn
 
sampler, placed in clean, labeled glass scintillation vials for laboratory analysIs.
 
Samples for algal biomass and composition were examined under an inverted
 
microscope at x400 magnification.
 
3.6 Zooplankton community 
Quantitative samples were collected using a conical plankton net of mesh size 60lJ-m 
and mouth diameter O.25m towed vertically through the water column (Mwebaza­
Ndawula, 1994). Three hauls were collected per site and combined to make a 
composite sample. The samples were concentrated through a 53 IJ-m sieve and 
preserved with 4% sucrose-formalin. In the laboratory, samples were washed over a 53 
IJ-m sieve to remove the fixative and diluted depending on the concentration on each 
sample. Sub-samples of 2ml, 2ml, 5mls and 10mls were drawn with a wide bore 
automatic pipette from a well agitated sample (to ensure homogeneous distribution of 
organisms) Each sub-sample was introduced on to a counting chamber and examined 
under an inverted microscope (HUND WETZLAR) at both X100 and X40 magnification 
for taxonomic analysis and counting to determine species composition and abundance 
respectively. Organisms were identified to the lowest possible level using published 
taxonomicy keys (Brooks, 1957, Pennak, 1953, Rutner-Kolisko, 1974, Sars, 1895). Dry­
biomass and densities were determined as described in Mwebaza-Ndawula (1998). 
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3.7 Macro-benthic community 
Triplicate samples were taken from each of the sites using a Ponar grab Uaw area 
238cm2). Each haul was concentrated separately using filtering bag (of mesh size 
OAmm), placed in container and preserved with formalin (5%). 
In the laboratory individual samples were rinsed to wash off the preservative and placed 
on a white flat bottomed plastic tray. A little amount of water was added to spread out 
the sample. The benthic organisms were sorted from the debris and placed on Petri 
dishes from which individuals taxa were examined under a binocular microscope at x 10 
magnification, identified using appropriate taxonomic manuals (e.g. G. Mandai-Barth, 
1957), counted and recorded. The generated data were then fed into an Excel spread 
sheet and analyzed to generate density estimates. 
3.8 Fish community 
Three fleets of multi-mesh gill-nets comprising panels of mesh sizes 1" to 5.5" in 0.5" 
increments, and 6 to 8 in 1" increments were set overnight for one night between 1ih 
and 13th March 2012. The first two fleets were set within a small bay off Gomba fish 
processing plant where at the exact site proposed for the cages while the 3'd fleet was 
set upstream in a bay between Tannery/Loco and Kirinya. Fleet 1 was set inshore very 
close to the fringing vegetation while Fleet 2 was in the exact spot expected to be 
covered by cages (This site is subsequently referred to as "Gamba cage site"). The 
Kirinya fleet was set in a position (referred to as "Kirinya site") similar to that of fleet 2 
above. The nets were set between 1800hr to 1900hr on 12th , and retrieved between 
0600hr and 0700hr the following day on 13th March 2012. 
Fish caught by different nets in each fleet were sorted and identified to species level as 
in Greenwood (1966) Specimens of fishes not easily identifiable in the field especially 
the haplochromines were given field names, and preserved for more detailed laboratory 
taxonomic procedures as in Greenwood (1981). For each species, the number, total 
weight (g) and individual lengths (cm) of the fish were recorded. Fork length (FL) was 
measured for all fish species with forked caudal fins and Total Length (TL), for fishes 
with entire fins. 
Biometric data was recorded for individual fishes of each species group recovered. 
These data covered Total and Standard length, weight, sex and gonad maturity state, 
stomach fullness and fat content. Fish stomachs containing food were preserved for 
laboratory analysis of the gut contents as in Bagenal and Braun (1978). The fish were 
further examined for any parasitic or bacterial infection both on the surface and within 
the gut cavity. 
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4.0 Survey Results 
4.1 Water depth, Secchi depth and physical-chemical parameters 
Site 1 was the deepest with a water column up to 8.9 metres. Site 2 was up to 6 metres 
depth and this lies within the proposed cage area while site 3 was the shallowest with a 
water column up to 4.3 metres depth (Fig. 1). 
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Figure1. Water column depth at the three sample sites in Napoleon Gulf 
4.1.1 Water transparency (Secchi depths) 
Secchi depth/water transparency (Fig. 2) was lowest at site 1 (1.58 m) and increased 
through site 2 to the highest value increase towards site 3 (1.64 m). 
l,b6 ]
l .h4 
1.62 
..s 1.60 . -
Cl 
VI _.- ­1.58 
1.:)6 
ISJ ------
Sllcl SIte 2 SiLc.3 
Depth Profile 
Figure 2. Secchi depth (m) variations at the three sites 
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4.1.2 Dissolved oxygen (DO) 
In-situ measurements of dissolved oxygen at 0.5 (the surface waters), 3 and 8 m near 
the bottom sediments made at site 1 showed a range of 8-6.5 mgtl (Fig. 3). At site 2 
measurements were made at 0.5, 3, and 6 m and had a range of 6.0-6.5 mgt!. At site 3 
measurements were made at 0.5 and 3 and a range of 6.0-8.0 mgtl was observed. 
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Figure 3. Dissolved oxygen (mgtl) profiles at the three sites 
4.1.3 Water temperature 
Water temperature profiles at the 3 sites fluctuated within narrow limits (26.5 to 27.5 °C) 
(Fig. 4). 
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Figure 4. Temperature profiles (TOG) at the three sites 
4.1.4 pH profiles 
All pH measurements made (Fig. 5) fell between 7 (neutral) to 8 (alkaline), and this is 
considered normal and ideal for survival of aquatic organisms. 
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Figure 5. pH profiles at the three sites 
4.1.5 Conductivity 
Electrical conductivity at the three sites was between 98 and 101 uS/cm (Fig. 6) and this 
indicates a normal range in freshwater ecosystems. 
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Figure 6. Conductivity profiles at the three sites 
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4.1.6 Discussion (Physical-chemical parameters) 
The lower Secchi depth at Site 1 (1.58 m) compared to the other two sites was likely 
due to an algal bloom which was visible during field measurements. Concentrations of 
dissolved oxygen recorded during the survey fell well above the critical oxygen levels for 
aquatic organisms « 2.5 mgtl) and therefore indicate favorable DO conditions for the 
proposed fish cage culture in this area. Observed temperature and pH ranges (26.5 to 
27.5 OC and 7-8 res pectively) and represents favorable co nditions for growth and 
survival of freshwater aquatic organisms in general. Conductivity ranges were also 
found to be normal range in freshwater ecosystems. 
4.2 Nutrient status 
Nitrite-nitrogen levels did not vary much in all the sampled stations, ranging from 
0.043mgll at site 1; increasing slightly to 0.045 and 0.0453 mgll at sites 2 and 3. 
(Fig.1.). 
Ammonia-nitrogen was slightly higher at site 1 (0.0185 mgtl) in comparison to that at 
site 2 (0.0173) and site 3 (0.015 mgtl). 
Soluble reactive phosphorus (SRP) was found to be highest at site 3 (0.012mgtl) 
compared to that at sites 1 and 2 (0.009mgll). 
Total suspended solids (TSS) was higher at site 1 (83.3mgll) then decreased to 
(24.8mgll) at site 2 and (19.8mgt)1 at site 3. 
4.2.1 Discussion (Nutrients) 
Natural water usually has a low nitrite concentration because bacteria quickly convert 
nitrite (N02-) to other more stable nitrogen ions (Yves, 1998). Nitrite is however 
released as an intermediate product during the process of nitrification and denitrification 
(DWAF 1996c; Bronmark & Hanson, 2005). High levels (> 1.0 mgtl) are toxic to fish, 
animals and humans. 
Observed higher Ammonia-Nitrogen at site 1 was probably due to decomposition of 
organic material such as dead aquatic plants being eroded from the catchment. Water 
pH and temperature is also known to favor production of the non-oxidized form of 
ammonia (Hargreaves, 1998; Moss, 1998; Wetzel, 2001). 
Higher SRP at site 3 may have been due to overturn of the water column caused by 
turbulent weather (Baldwin et ai, 2003) at the time of field sampling while higher TSS 
upstream was probably due to eroded material from the catchment (Walmsely 2001) 
washed downstream by currents. 
.According to Boyd (1996), ammonia levels of (0.01-0.05mgll) is considered safe and 
nitrite levels of (1 or 2 mgtl) harmful to fish and other aquatic organisms. The 
permissible levels by NEMA are (ammonia - nitrogen: 10mgtl, nitrite-nitrogen: 2­
10 
20mgll, soluble phosphorus: 5.0mg/l and total suspended solids: 100mg/l) respectively. 
Therefore, from the results above, the levels of the nutrients were found below the 
maximum permissible limits. The site can therefore be recommended for cage culture. 
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Figure 7. Nutrient levels in the sampled sites in Napoleon Gulf, Lake Victoria, March 2012. 
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4.3 Algal community 
4.3.1 Composition and biomass 
Four major taxonomic groups: Blue greens, Greens, Cryptophytes, and Diatoms were 
encountered in site 1, while in site 2 and 3 only three major taxonomic groups were 
found i.e. the Blue greens, Greens, and Diatoms (Fig. 7). Blue green algae were notably 
common and dominant in all sites. High algal biomass (199449.61 ug/L) of the dominant 
blue green algae was observed in site 1 compared to sites 2 and 3 (58655.2 & 27487. 7 
ug/L respectively). Mucilage-bound algal genera of the taxa: Mierosysfis, Aphanoeapsa, 
Chroaeoeeuss and the filamentous solitaly forms of the genus: Plankfolyngbya 
represented the blue green algae (Table 1), while the green algae of the genera: 
Ankisfrodesmus, Seenedesmus, Kirehneriella represented the green algae. The diatom 
community was represented by Nitzschia, Synedra, Au/aeaseira and Cyelofella (Table 
1) 
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Figure 7. Algal biomas at the three sampled sites 
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Table 1. Comon algal species in the major taxonomic algal groups in all sites. 
Key: X denotes presence of taxon at the site. 
Major taxa group Alga taxa composition Site 1 Site 2 Site 3
 
Blue green Plankto{yngbya /imneriea X X X
 
Blue green P.circumreta X X X
 
Blue green P.tallingii X X
 
Blue green Aphanoeapsa spp X
 
Blue green Aphanocapsa holistiea X X X
 
Blue green Chrooeoeeus limnetiea X X X
 
Blue green Chrooeoeeus spp x X
 
Blue green Aphanoeapsa de/ieatissima X X
 
Blue green Romeria sp X X X
 
Blue green Cylindrospermopsis atrieana X
 
Blue green Merismopedia tennussima X
 
Blue green Coelomoron X
 
Blue green Anabaena eireinalis X X X
 
Blue green Anabaena compacta X
 
Blue green Mierosystis aeruginosa X
 
Blue green Merismopedia glauca X X X
 
Green Ankistrodesmus talaeutus X X X
 
Green Scenedesmus perforutus X
 
Green Kirchneriella sp X
 
Diatoms Nitzschia acicularis X X X
 
Diatoms Synedra cunnigi/onii X X X
 
Diatoms Cyelotella X X
 
Diatoms Aulaeoseira granula X
 
Cryptophytes Cryptomonas X
 
4.3.2 Discussion (Algal community) 
High algal biomass observed at the three sites is probably associated with human 
activities in the catchment area especially agriculture which may cause an influx of 
nutrients from the farmlands in addition to atmospheric deposition. This was also 
evident in annual cycle of stratification and phytoplankton growth in Lake Victoria 
(Tailing, 1966). In general, most nearshore areas of Lake Victoria tend to be dominated 
by Blue green algae (Mugidde 1992, 1993; NaFIRRI2007) Nonetheless, high algal 
biomass observed at the proposed cage site may not be a threat to the cages but may 
instead be a blessing by acting as a supplementary natural feed to the fishes in the 
cages especially the herbivorous tilapiines. 
The presence of toxicin-producing algae of the genera Microsytis and 
Cylindrospermopsis in the samples may not be of much significance as their 
concentrations are still low, although they were reported by Mugidde (1992) as one of 
the new changes in phytoplankton primary productivity and biomass in Lake 
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Victoria. Monitoring their presence, biomass and seasonality will be critical to know 
when and where they occur and at what time of the year for ease of management of the 
cages. 
4.4 Zooplankton community 
A total of 23 species were recorded in all three sites sampled with site 1 and 3 having 
higher number (19) compared to site 2 (16). Rolifers contributed highest species 
number (10) compared to copepods (4) and cladocerans (5) in site 1, while species 
number variations for rotifers, cladocerans and copepods were negligible in site 2 (6, 5 
and 5) and site 3 (8, 5 and 6 respectively). Relative species richness for rolifers ranged 
between 35% and 50% while copepods and cladocerans contributed the rest (Fig. 8). 
Higher numerical abundance (438,227 Ind. m'z) was found in site 3 compared to site 1 
(258,698 Indm'z) and site 2 (268,593 Ind. m'z) (Table 2). Copepods contributed the 
highest numerical abundance in all sites with relative abundance ranging from 95% to 
97% (Fig. 8). 
Common species recovered in all the three sampled sites and with relatively high 
numerical densities were: Thermocyc/ops neg/ectus, TropocycJops confinnis, 
Tropocyc/ops tenel/us, Thermodiaptomus ga/eboides (Copepoda); Bosmina 
/ongirostris, Ceriodaphnia cornuta, Diaphanosoma excisum, Moina micrura 
(Cladocera); EucJanis sp, Keratel/a tropica, Asp/anchna sp., Lecane bul/a (Rotifera). 
Rare species recorded in only one site and in low densities were: Thermocyc/ops emini, 
Brachionus angu/aris, B. budapestinesis, Filinia /ongiseta and F. opoJiensis, (Table 2). 
Individual species contributing higher abundances were: Tropocyc/ops lenel/us (9,154 
indo m'z), Ceriodaphnia cornuta (1.942 ind.m'z) and Keratella tropica (1,886 Ind.m-z) at 
site 1; T. tenel/us (14,064 Ind.m'z), Diaphanosoma excisum (1,415 indo m'z) and K. 
tropica (1,831 ind.m'z) at site 2 and T. tenel/us (8,821 Ind.m·2), D. excisum (2,580 
ind.m,2) and K.tropica (2,829 Ind.m'z) at site 3 (Table 2). 
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sites, Napoleon Gulf Lake Victoria, March 2012. 
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Table 2 Summary of zooplankton species composition and densities across sampled 
sites, Lake Victoria March 2012. 
Sites Site 1 Site 2 Site 3 
(Upstream) (Cage site) (Downstream) 
Sample time (hrs) 1218 1054 1307 
Depth 1m) 85 54 3.5 
Secchi Depth (m) 14 1.59 1.3 
Species Densities Densities (ind. Densities (ind. m") 
(ind. mO m O ') ') 
Mesocyc/ops sp. 915 499 
Thermocyclops emini 333 
Thermocyclops neglectus 4,327 5,076 915 
Tropocyclops confinnis 1,609 2,580 4,327 
Tropocyc/ops tenellus 9,154 14,064 8,821 
Thermodiaptomus ga/eboides 1,997 2,080 2,580 
Cyclopoid copepodites 77,338 56,386 83,468 
Calanoid copepodites 2,164 8,738 5,409 
Nauplius larvae 149,959 169,765 318,310 
Copepod species no. 4 5 6 
Total densities 246,548 259,605 424,663 
Highest species densities 9,154 14,064 8,821 
Bosmina longiras/ris 1,387 749 915 
Ceriodaphnia cornuta 1,942 999 1,748 
Daphnia lumholtzi(helm) 111 166 
Diaphanosoma excisum 1,387 1,415 2,580 
Moina micrura 832 583 1,165 
Cladocera species no. 5 5 5
 
Total densities 5,659 3,911 6,408
 
Highest species densities 1,942 1,415 2,580
 
Asplanchna sp. 888 666 583
 
Brachionus angu/aris 583 
Brachionus budapestinensis 55 
Brachionus fa/catus 277 416 
Euclan;s sp 499 333 166 
Filinia longiseta 111 
Filinia opoliensis 333 
Keratella coch/earis 1.054 499 
Keratella tropica 1,886 1,831 2,829 
Lecane bulla 832 583 333 
Synchaeta sp. 555 1,165 
Trichocerca cylindrical 499 1,748 
Rotifera species no. 10 6 8 
Total densities 6,491 5,076 7,157 
Highest species densities 1,886 1,831 2,829 
Grand total species no. 19 16 19 
Grand total densities 25B,69B 26B, 593 438,227 
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4.4.1 Discussion (Zooplankton community) 
The results presented here are in general agreement with previous studies by 
Mwebaza-Ndawula, (1994), Mwebaza-Ndawula, (1998), Wanink et aI., (2002), Gophen 
et al., (1995), Kiggundu et al. (In press). The dominance of the small-bodied cyclopoids 
in the zooplankton community is believed to be a shift from large herbivorous 
c1adocerans and calanoids attributed largely to size selective predation by the pelagic 
cyprinid (Rastrineobola argentea) whose stock abundance has increased since the 
1980s (Gophen et aI., 1995, Hecky et aI., 2010, Isumbisho et al., 2011). Other studies 
point to changes in the phytoplankton composition and productivity resulting from 
pollution and eutrophication as the prime cause of the shift (Hecky et aI., 2010, Mavuti 
and Litterick, 1991, Okello et aI., 2010, Sitoki et al .. 2012). Such phytoplankton changes 
are associated with structural changes in the food web and may affect the quality and 
quantity of phytoplankton composition and biomass (Cottingham, 1999. Dodson et aI., 
2000a. Mugidde, 2004, Mwebaza-Ndawula, 1994, Tallberg et aI., 1999, Dodson et aI., 
2000b), which may in turn alter zooplankton community structure, because most 
zooplankton species are algal herbivores (Gosselain et aI., 1998. Gowen et al., 1992, 
Steiner, 2003). 
However, the numerical dominance of copepods and the lower abundance of rotifers 
especially the brachionids is considered to be one of the indicators of an eutrophic 
system (Sladecek, 1983, Tasevska et aI., 2010), and may here indicate relatively good 
water quality environment for the proposed fish cage culture in the area. 
4.5 Macro-invertebrate community 
From the three sites, 22 taxa were recovered of which, 12 occurred in site 1, 10 in site 2 
and 7 in site 3. Overall, gastropod mollusks were numerically the most abundant group 
followed by chironomids (dipterans) while other less abundant groups included 
ephemeropterans, trichopterans, oligochaetes and odonates (Table 3). 
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Table 3. Mean densities (ind. mo2) of macro-benthos recorded in each sampled site in 
Napoleon gulf, northern Lake Victoria, March 2012. 
Taxa Site 1 
Bivalvia 
Byssanodon/a parasiliea 70 
Caela/ura haulleeoeuri 0 
Corbieula alrieana 42 
Pisidium sp. 14 
Sub-toatal 126 
Gastropoda 
Bellamya unicolor 126 
Gabbia humerosa 84 
Melanoides /uberculata 196 
Sub-toatal 406 
Ephemeroptera 
eaenis sp. 0 
Povilla adus/a 0 
Leptophlebidae 0 
Sub-toatal 0 
Odonata 
Libellulidae 0 
Sub-toatal 0 
Diptera 
Ablabesmyia sp 28 
Chironomus spp. 224 
Clinu/anypus sp. 70 
Procladius sp. 28 
Chaoborlls sp. 42 
Sub-toatal 392 
Trichoptera 
Leptoceridae 14 
Psychomyiids 0 
Sub-total 14 
Oligochaetes 0 
No. of taxa 12 
Total Mean densities per m· l 938 
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Site 2 Site 3 
112 0 
14 0 
224 0 
0 0 
350 0 
182 252 
0 0 
210 0 
392 252 
0 56 
0 462 
0 42 
0 560 
14 0
 
14 0
 
0 28
 
252 14
 
98 0
 
0 0
 
14 0
 
364 42
 
0 0
 
0 28
 
0 28
 
28 0
 
10 7
 
1148 882
 
Bivalves (clams) had 4 species, (Byssanodonta prasitica, Cae/atura hauttecoeuri, 
Corbicu/a africana and Pisidium sp.) while Gastropods had 3 (Bellamya unicolor, 
Gabbia humerosa, and Me/anoides tUbereu/ata). The Dipterans registered 5 taxa 
(Abb/abesmyia sp, Chironomus sp, C/inotanypus sp., Proc/adius sp .. and Chaoborus 
sp). Caenis sp., Povilla adusta and Leptophlebibae represented Ephemeroptera. In the 
Order Trichoptera only Leptoceridae and Psychomyiidae were found. 
The most abundant bivalve species was Corbicu/a africana with 224 indo m,2 at site 2 
although found missing at site 3. Gastropods were mostly represented by Bellanya 
unic%r and were recovered in all three sites. Me/anoides tubereu/ata registered high 
abundance (196 and 210 ind.m,2) in sites 1 and 2 respectively, but was missing in site 
3. 
Dipterans were mostly represented by Chironomus sp. (blood worms) particularly at site 
2 with 252 indo m,2. 
Ephemeroptera (Caenis sp., Povilla adusta and Leptophlebidae) were only recorded in 
site 3. A few Trichopterans (Leptocerids and Psychomyiidae) were encountered but 
were absent in site 2. Very few oligchaetes and odonates were recorded and only in 
site 3. 
4.5.1 Discussion (Macro-invertebrate community) 
The abundance of benthos was generally highest in site 2 compared to 1 and 3. The 
diversity, however, was highest in site 1 and lowest in 3. Absence of bivalves at site 3 
may be related to fast water currents here and probably poor adaptation for such 
environment. 
In general, these observations suggest that the macro,benthos conditions in the area, 
including relatively high densities and diversity are favorable and can support the 
proposed fish cage cUlture, although some highly sensitive taxa such as Ephemeroptera 
and Trichoptera seemed to be poorly developed in the area. 
4.6 Fish community 
4.6.1 Background 
Chinese collaborators intend to rear fish using cages in Napoleon Gulf next to the Jinja 
pier off Gomba fish factory. This activity will involve keeping fish in cages under 
crowded conditions and feeding them on foods not naturally eaten by wild fish. 
Napoleon Gulf being a shallow bay harbors a wide variety of wild fish species that play 
an important role in the lake ecosystem and many of them are also cherished by 
populations living on its shores. These wild fishes that live in waters close to cages are 
bound to be affected by activities associated with the proposed cage farming. The fish 
could be attracted to the cages by, for example, excess food given to the culture fishes. 
In the process, other ecological interactions between cultured and wild fish may be 
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possible. Wild fish may be instrumental in cleaning the environment close to the cages 
through eating excess food left by culture fishes. Caged fish under crowded conditions 
is susceptible to numerous water-borne diseases and could infect wild fish or vice 
versa. While diseases breaking out among cultured fishes may be controlled through 
treatment, the wild fishes will not undergo treatment and will thus spread these diseases 
to other fishes and hence affecting yields from capture fishery. 
4.6.2 Catch composition and abundance: 
A total of 14 fish species (9 haplochromines and 5 non-haplochromines), belonging to 3 
families were recorded at the sites sampled (Table 4.1). Haplochromines dominated the 
catch contributing 88.7% by numbers and 56.7% by weight of all the fishes caught. 
Other fish species caught in order of numerical importance were Lates niloticus (5.4%), 
Oreochromis niloticus (2.3%), Tilapia zillii and Protopterus aethiopicus (each 1.6%) and 
Oreochromis leucostictus (0.4%). Highest fish diversity (13 species) was observed 
inshore at Gamba while the proposed cage site at Gomba yielded low numbers of fish 
species. 
As a measure of standing biomass, catch rates Le. catch per net per night was used to 
indicate relative abundance of fish species. To analyze gillnet performance; the nets 
and thus fish species were grouped into three categories. Category (A) consisted of 
fishes that grow to a small adult size and are caught by gillnets of up to 2.5" stretched 
mesh. Category (8) consisted of fish that could be retained in gillnets of up to 4.5" while 
category (C) was of large fish species capable of being caught in gillnets above 4.5" 
mesh. 
In terms of both numbers and weight, catch rates were highest inshore at Gomba (18.2 
fishes per net; 467.4g) (Table 4.2). Catch rates by numbers at the Gomba cage site and 
at Kirinya were similar (0.8 fish per net) while by weight the proposed cage site yielded 
higher rates 104.9g compared to 43.1 g per net at Kirinya. 
4.6.3 Haplochromines 
Nine (9) species belonging to 5 genera of haplochromines were recognized during the 
survey (Table 4.2). Highest diversity and abundance (amount) of these haplochromines 
was recorded at the inshore site at Gomba. While the Genus Astatotilapia dominated 
the Gomba cage site, the larger growing Psammochromis were dominant at Kirinya thus 
responsible for the higher catch rates in weight observed in 4.3.1 a above. The most 
abundant haplochromines belonged to the genus Astatotilapia (6 5.7%) followed by 
Paralabidochromis (13.6%) and Psammochromis (5.1 %). 
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Table 4.1 Percent contribution of fish species recovered from the sampling sites in 
Napoleon Gulf - Lake Victoria - March 2012 
NUMBERS 
Gamba 
Species Inshore 
Astatareochromis alluoudi 3.5 
Astatotilapio "pink anal" 1.6 
Astatotilapia "pseudo alluaudi" 1.6 
Astatotilapia nubila 16.0 
Astatotilapia sp 44.7 
Paralabidochromis "black para" 13.2 
Psommochromis "orange ana/" 0.8 
Psammochromis sp 3.5 
Ptyochromis xenognathus 
(Haplochromines) 84.8 
Lotes niloticus 1.9 
Oreochromis leucostictus 0.4 
Oreochromis niloticus 1.9 
Protopterus aethiopicus 1.6 
Tilapio zillii 1.2 
Total contribution (numbers) at each 
site 91.8 
WEIGHT (g) 
Astatoreochromis alluaudi 5.7 
Astatotilapia "pink ana'" 0.7 
Astatotilopio "pseudo alluaudi" 0.4 
Astatotilapia nubila 13.0 
Astatotilapia sp 14.4 
Paralabidochromis "black para" 14.2 
Psammochromis "orange anal" 0.8 
Psommochromis sp 4.6 
Ptyochromis xenognathus 
(Haplochromines) 53,8 
Lotes niloticus 0.8 
Oreochromis leucostictus 2.5 
Oreochromis niloticus 4.5 
Protopterus aethiopicus 12.3 
Tilapia zill;; 2.1 
Contribution (weight g) at each site 76.0 
Number of species recovered 13 
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Gamba
 
Middle
 
0.4 
1.9 
2.3 
1.2 
0.4 
0.4 
4.3 
0.1 
0.7 
0.8 
2.5 
12.2 
1.6 
17.1 
5 
Kirinva
 
Middle
 
0.4 
0.8 
0.4 
1,6 
2.3 
3.9 
0.5 
1.3 
0.3 
2.1 
4.9 
7.0 
4 
Total 
Number 
3.9 
1.6 
1.6 
16.0 
46.7 
13.6 
0.8 
4.3 
0.4 
88.7 
5.4 
0.4 
2.3 
1.6 
1.6 
100 
5.8 
0.7 
0.4 
13.0 
15.1 
14.7 
0.8 
5.9 
0.3 
56.7 
8.2 
2.5 
16.7 
12.3 
3.7 
100 
14 
Table 4.2 Catch rates by gillnets of fish species recovered from sites sampled in 
Napoleon Gulf - Lake Victoria - March 2012 
NUMBERS 
Gamba Gamba Kirinva Total 
Species Category Inshore Middle Middle Number 
Astatoreachramis alluaudi A 2.3 0.3 0.8 
Astatotilapio "pink onol" A 1.0 0.3 
Astatotilapia "pseudo alluaudi" A 1.0 0.3 
Astatotilapia nubila A 10.3 3.4 
Astatotilapia sp A 28.8 1.3 10.0 
Porolobidochramis "black paro" A 8.5 0.3 2.9 
Psommochromis "orange ana!'! A 0.5 0.2 
Psammochromis 5p A 2.3 0.5 0.9 
Ptyachramis xenagnathus A 0.0 0.3 0.1 
(Haplochromines) A 54.5 1.5 1.0 19.0 
Lotes nilot;cus C 0.4 0.2 0.5 0.4 
OreachramlS leuCDstictus B 0.1 0.0 
Oreachramis niloticus C 0.4 0.1 0.2 
Pratapterus aethiopicus C 0.3 0.1 
Tiiapia zillii B 0.4 0.1 0.2 
Catch rate (numbers) at each site 18.2 0.8 0.8 6.6 
WEIGHT (g) 
Astatoreochromis alluaudi A 114.0 1.5 38.5 
Astatotilapio "pink anal" A 14.5 4.8 
Astototilopia "pseudo alluoudi" A 8.5 2.8 
Astatotilapia nubila A 259.0 86.3 
Astototilopia sp A 288.5 14.0 100.8 
Paralobidochramis "black para" A 283.5 9.5 97.7 
Psammochromis "orange anal" A 16.0 5.3 
Psammochromis sp A 92.0 26.5 39.5 
Ptyochromis xenognathus A 6.5 2.2 
(Haplochromines) A 1076.0 15.5 42.5 378.0 
Lates niloticus C 5.1 15.4 30.0 16.8 
Oreochromis leucostictus B 25.0 8.3 
Oreochromis niloticus C 27.7 74.9 34.2 
Protopterus aethiopicus C 75.4 25.1 
Tilapia zillii B 20.8 16.0 12.3 
Catch rate (weight g) at each site 467.4 104.9 43.1 20S.1 
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4.6.4 Biology of common fish species 
Other than for haplochromines, numbers of other fish species caught were so low that 
not much can be inferred from the data. Basic biological parameters obtained from the 
few specimens of the fish species encountered during the survey are summarized in 
Table 4.3. 
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Table 4.3 Basic biological parameters of fish species caught SON Fish site Feb 2011 
Mean 
Size range length % % Prey 1 Sample 
Fish species Site (em TL) (cmTL) maturity breeding MeanK (% contribution) Prey 2 size 
Astatareachromis olluoudi Gomba 11.6 - 18.0 14.5 100 22 1.57 Mollusks (80) Chironomids (20) 9 
Astototi/apio nubi/a Gomba 9.5- 11,4 108 100 60 1.85 Insect remains (100) 10 
Ephemeropterans 
Astototi/apio sp. Gomba 7.6 -110 9.2 50 50 1.64 (100) 20 
Porolobidochromis "block 
para" Gomba 10.1- 13.0 11.2 100 80 1.66 Chironomids (100) 10 
Psammochromis sp. Gomba 11.2-15.7 13.8 100 46 1.53 Chironomids (100) Chaoborids 11 
Ephemeropterans 
Ptyochromis xenognathus Gomba 11.8 na 100 0 1,46 (100) 1 
All haplochromines Gomba 9.5 - 180 11.3 85 49 1.64 Insects (98) Mollusks (2) 65 
Lates nilaticus Kirinya 8.7 - 25.2 16.15 a a 1.13 Haplochromines (91) Odonata (9) 6 
Rastrineobola 
Lates ni/oticus Gomba 9.5 - 25.0 32.25 0 a 1.08 Haplochromines (50) (50) 8 
Oreochromis ni/oticus Gomba 9.4 - 39.5 264.4 20 100 1.83 Data 5 
Pratopterus aethiapicus Gomba 38.2 ·50.3 236 0 0 0.27 MOllusks (100) 4 
Tilapja zillii Gomba 7.2·18.9 61.2 20 0 1.85 Data 5 
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4.6.5 Discussion (Fish community) 
Although historical data on the fishes of the Gomba bay (proposed site for fish cages) 
are scanty, the nearby waters in Napoleon Gulf have been sampled regularly over time 
(Namulemo 1997, SON Fish Reports 2011). Some data has also been obtained very 
recently under LVEMP II pollution monitoring survey (Wandera et al. 2011) What is 
clear from all these data is that the number of species and quantities of fish caught in 
this area is on the decline. Catches of the most important commercial fish species on 
Lake Victoria (the Nile perch and Nile tilapia) have declined in this area while the 
contribution of haplochromines is on the rise (Table 4.4). 
While all fish species in a habitat cannot be recovered in one round of sampling, it is 
true that some fish species previously present in this area are no longer caught here. 
Napoleon Gulf supports a thriving Mukene (Rastrineobo/a argentea) fishery but because 
the gear used in this survey cannot retain Mukene, none was captured. Other fish 
species commonly encountered in these waters but could not be captured include 
Synodontis afrofischeri, S. victoriae, C/arias gariepinus and Brycinus sad/eri. Due to the 
limitation of the number of gillnets and time available, a site below the cage area off 
Hotel Triangle could not be sampled. Data from Namulemo (1997) cannot be compared 
with what is prevailing today as it has been noted that there has been changes in fish 
diversity and abundance since that time. Information obtained during the SON fish 
survey a station very close to this site could be of comparable value. 
Table 4.4: Fish species composition at Windy Bay (1997), Kiryowa (Feb. 2011) and
 
Gomba (March 2012) in Napoleon Gulf of Lake Victoria
 
Family Windy Bay Kiryowa GombaMarch 
Species 1997 Feb. 2001 2011 (Feb.) 
Lepidosirenidae Protopterus aethiopicus 1.9 a 1.7 
Mormyridae Mormyrus kannume 0.2 1.9 a 
Characidae Brycinus sadleri 3.1 a a 
Brycinus jacksoni; 0.2 a a 
Cyprinidae Barbus alt/analis 0.1 a a 
C1ariidae Clarias gariepinus 0.1 a a 
Clarias carsonii 0.1 a a 
Clarias alJuaudi 0.1 a a 
Mochokidae Synodontis ajrojischeri 0.4 0.6 a 
Synodontis victoriae 0.1 0.6 a 
Centropomidae Lates niloticus 10.6 5.7 2.1 
Cichlidae Haplochromines 71.9 87.9 92.4 
Tilapia zi/lii 1.8 2.5 1.3 
Oreochromis niioUcus 3.2 0.6 2.1 
Oreochromis leucostictus 1.9 a 0.4 
Oreochramis variabilis 4.3 a o 
Mastacembelidae AethiomastacembeJus jrenatus 0.1 a a 
No. of species 17 11 6 
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The diet of fishes encountered consisted of known natural foods of the species caught 
and was dominated by aquatic insects. No serious parasitic infection was noticed to the 
fishes caught. A few common nematodes were encountered in the guts of some 
haplochromines of the genus Psammochromis. 
5.0 General conclusion 
The results/observations generated from this baseline survey on the water depth. 
physical-chemical parameters, nutrient status, algal, zooplankton, macro-benthos and 
fish communities in the proposed cage site area all indicate generally favorable 
conditions for the establishment of the fish cage facility. The data collected will form a 
useful benchmark for comparisons observations from future environment monitoring of 
the area. 
6.0 Contribution by the Chinese counterparts 
At the time of undertaking this baseline survey, the NaFIRRI scientists worked 
alongside our Chinese counterparts. The latter made their independent field 
measurements and analysis of samples. They compiled the data and results thereof 
which they communicated to us through Mr. Barry Kamira. These submissions make 
substantial supplements to this documentation although there were some divergences 
in the final data which may lead to different conclusions. Their submission has been 
appended onto this report as an addendum although there will be need for the NaFIRRI 
research team and the Chinese counterparts to sit together and iron out some key 
differences in the data sets in order to have harmonized starting baseline data. In this 
regard, Mr Kamira is advised to circulate the Chinese data to all participating NaFIRRI 
scientists for study before a joint meeting can be convened. 
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